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MIMORANDUN REPORT

for the
Bureau of Aeronautics, Navy Department
FLIGHT TESTS OF VARIOUS TAIL MODIFICATIOIS ON
| TEE BREWSTER XSBA~1l ATRFLANE
II=--MEASUEEMENTS OF FLYING QUALITIZS WITHV
. - TATL CONFIGURATION NUMBER TWO

By W. H. Phillips and H, L. Crane
THTRODUCTION

At the request of the RBureau of Aeronautics, Navy
Department; a series of tests on the Brewster X3IBA-1
airplanc 1s being conductecd to determine. the effects of
various tail modifications. The modifications are to
Include (1) variation of the chord of the elevator and
rudder while the totael area of the surfaces is kent
constant and {(2) variations of the total area of the
vertical tail surface, L report has been published
(reference 1) on the flving qualities of the airplane
with the original taill surfaces, The present report
compares the results obtained from tests of the handling
qualities of the alrplane with the first set of modi-
fied tail surfaces to the handling gualities with the
original tail. Only those handling gquelitlies affected
by the modification of the tall are considered, For
convenience in thie and subsequent papsrs, the original
tail surfaces of reference 1 are » reafter called tail
configuration number one. A1 tests were made at the
Langley Memorial Aeronautlical Laboratory between
October 1941 and May 1942,

TATL-STIRPACT 1ODTRTCATTIONS

The sscond tail configuration differed from the
first in that the horn balances were removed so that
the rudder and elevator were no longer zerodynamically
balanced, The modified control surfaces were mass
balanced by means of lead welights mounted on the




forward end of loops which psssed through cut-outs in the

fixed surfaces. The areas of tall configuration num-
ber two follows :

Fin area (above fuselage, ahead of hinge line),

sq. ft L] L] [ ] [ [ [ ] . . L] - . . . . . . 3 . . * 12.)4-

Rudder area (behind hinge line), sq FLE . . 4 . . . 13,6
Rudder trimming-tab area, sq f£t . . . « . ¢« ¢« ¢« « « 0.9
Stabilizer area (shead of hinge line,. including

contained fuselage area), 84 f£ o+ « o o « & « » o« 3%.3
Elevator area (behind hinge line), sq ft . . e o 2749
Llevator trimming-tabd area (hot changed), sq ft R

On tail conngar tion number one, the rudder horn-

balance area was 1.5 square feet and the elevator horn-
balance area was 2.7 square feet, There wus no trimming

tab on the rudder,.

Drawings of the tail surfaces are given in fig-
ures 5 through 8.

The relation between control-stick position and
elevator deflection 1s shown in figure 9,

A description of the airplane is given in refer-
ence 1, : :

ATRSPEED CALIBRATION

The alrsneed recordsr used for these tests was
calibrated by the use of a trailing airsneed bomb,

TEETS, RESULTS, AND D 3CUSSION

All of the measurements of flying qualities were
made with the center of gravity located at 25.5 percent
of the mean aercdynamic chord with full service load.
In this condition the airplane weighed 5770 pounds or
the wing loading was 22.l; pounds per square foot. Re-
tractin the landing gear had no effect on the hori-
zontal 1ocat10n of the center of gravity and the effect
of fuel consumption on the center-of-gravity position
was sufficiently small to be ignored,




LONG IWUDIAAL STARILITY AND CONTROL

Characteristics ¢f uncontrolled longitudinal motlion,-
The degree of damping of tlie short- ne¢1oi oscillation was
determined by deflecting the elevator and quickly re-
leasing it in high-speed flight, With both tail con-
figurations, the subsequent variation of normal accelera-
tion and elevator angle had completely dismappeared after
one cycle, This satisfied the rejuirement stated in
reference 2,

The long-period {phugoid) oscillation was not inves-
tigated.

Characteristics of elevator control in steady flight.
The cheracteristics of tne eievator control of the XSBA-1
airplane in steady flight were measured by recording the
elevator positions and forces required for trim at
various airsneeds and trimming-tab settings. These meas-
urements were made n the “QLIOWLnb conditions of flight:

Plight Manifold pressure |Propeller ~lap Landing-
condition at 6000 ft speed nosition| gear
(in. ¥Iz) (rpm) position
Cruising 25 1800 Up Up
Climbing 22 1500 Up Up
Gliding . Throttle closed |-==mm=me- Up Up
Landing Throttle closed |-e~===-=-- Down Down
Approach 18 1900 Helf down | Down
Wave-off 3l 2100 Down " Down

Conclusions reached regarding the elevator control
characteristics may be summarized as follows:

1. In all of the condifions of flight, at low
speeds, stick-fixed statlic stabillity existed for the
ailrplane with tail configuration number two as shown Dby
the negative slopes of the curves of elevator angle
against airspeed in figures 10 through 13. The octa-
bility was greateat in the landing and gliding condi-
tions, less in the crulsing and climbing conditions,
small in the epproach condition, and just above neutral



in the wave~off condition. At higher speeds the sta-
h1lity becane annruxzﬂatplv neubtral in the flaps-up
conditions. Figure 14 also gives an indication of the
stick-fixed sta+1c stabllity iIn the gliding, cruising,
ané climbing conditions of flight showing neutral sta-
bility in the climbing constion ¢t low angles of at-
tack.

Comparison with the results given for the airplane
with tail confizuration number one in reference 1 showed
little difference in the stick-Tixed static staolllty as
obtained with the two tail configurations. Since the
elevater area was changed only slightly by removal of
the horn balance, no appreciable change in stick-fixed
stabllity was to be expected. However, with the first
tail configuration the d¢Fp7dﬂ° was slightly stable 1in
any condition at the upper end of the speed range.

2. Tor the airplane with tail ¢
ber two, the slope of the curves of 35
airspeed, also fifFures 10 through 13, & ve at the
speed at which the airplane was trimmed in the gliding,
crulsing, climbing, and 1andinw conditlions This char-
acteristic assurcs stick-free ztatic otao¢“m y of the
airplane in the gliding and lamﬁlug conditions. How-
ever, the slopes of the curves of stick force against
sirspeed for the crulsing and climbing conditions re-
versed between 20C and 130 miles per hour so that,
although the airplane was stsble stick free for trim
speeds near 200 miles per hour, the stablility would

have bteen neutral or slightly negative for trim speeds
below approximately 140 miles per hour. T the an-
proach and wave- -off conditions with the second tall
configurat'on, the slope of the crvuves of stick force
against alrspeed is about zero. Since on the XSBA-1
alrplane the force change “POdlC(d by the trimming-tab
increases with airspeed, it 1is believed that the air-
plane would have been unstable if trimmed to zero stick
force in the wave-off condition.

ion num-
A

on t
t iOPCb against
egat:

l..,.

With tail configuration number one, the curves of
stick force against airspeed for the cruising, climbing,
and gliding conditions were on the verge of reversing
between 90 and 130 miles per hour. The characteristic
shane of the curves of force variation for several
flight conditions with either tail configuration 1is
believed to have been caused by nonlinear hinge-moment



properties of the elevator and by the influence of the
wing wake at the tail.

A summary of the stick-free sta

3 1lity char-
ecteristice with the tmo sets of tail =u s

follows:

Condition|Tall configuration'Tail configuration
numher one number two
Cruising Stable Neutral
Climbing |-=wm=w—-- JOemmmemm Do
Gliding —————— =l mmmmm—— Stable
Approach (==ecewcecdd, meccae- Neuntral
Landing mmmmenen(D e ——— Stable
Wave=-off |-c-ccecudo,eme-- -~ Unstable

S¢ TFor the airplane with tail configuration num-
ber two, the elevator control force was sufficiently
large compared to the friction to return tre control
to its t”im position in the gliding and landinc con-
diti In the other condltions the elevator control-
fovce gradlent was about zero or part or all of the
speed range for some trim speeds, Therefore, in the
cruising, climbing, wave-off, and approach conditions,
the airplane with tail number two did nobt meet the re-
quirements of reference 2. With the first tail con-
figuration, 1t was possible to trim in all conditions.

4. Vith either tail configuration, the elevator
angles required for trim were well within the available
range in 8ll conditions tested.

Characteristics of elevator control in accelerated
flight.- The characteristics of the elevator control in
accelerated flight were determined from measurements
taken in &brupt pull- up$ and push-downs from level
flight and in repid 180° turns. Thie results of the

‘rull-ups and push-downs with tail configuration num-

ber two are presented in figures 15 and 16. Time
histeories o6f representative turns are presented in fig-
ures 17 throuch 20. Figure 22 shows the variation of
elevator angle with 11ft coefficient in 180° turns.
The results of the tests pertaining to elevator control
In accelerated flight may be summarized as followss



1. For the airplane with either tail configuration,
the elevator control was sufficiently powerful to develop
either the maximum 1ift coefficient or the allowable load
factor at every alrspecd. This fact was evident in pull-
ups made at various alrspeeds.

2. With both tails the normel acceleration was ob-
served to increase progressively ~1ith elevator angle at
eny given airspeed.

Z. Stick motion of 4.6 inches from the trim posl-
tion produced a stall with tail configuration number one.
No records of a stall in a turn were obtalned with the
second tail configuration, but figure 18 1s a time
history of a turn in which & normal acceleration of 4g
was reached which required an elevator deflection of 11°
from the trim position. This corresponds to a stick
travel of 4.3 inches and hence meets the requirement of
reference 2.

4., The variation of stick force with normal accel-
eration in 180° turns with tail configuration number two
is plotted in figure Z21. Chenge in normal acceleration
was proportional to the elevator control force applied
with either tail.

5. An average force of about 30 pounds per g was
required to make a highly accelerated turn with tail
configuration number one. This was reduced to 27 pounds
per g with the second tall configuration. However,
the force per g was excessive in either cese as about
15 pounds per g 1s a reasonable limit of stick-force
gradient for a scout bomber such as the XSBA-1 alrplane.

Characteristics of elevator conbtrol in landing.-
With both elevators the same up-e.evator deflection and

the same force was required to land. The elevator con=
trol was sufficiently powerful to hold the airplane off
the ground until three-point contact was made. The

average of records taken of several landings showed

that 21° of up-elevator deflection was required to make
a three-point landing. This was ths same as the amount
of up-elevator deflection required to stall. Usuvally
about 10° more elevator dellection is required to land

& low-wing airplane than to stall it in the landing con-
dition at altitude. For the X3BA-1 airplane, it is
helieved that the separation of the flow from the wing
root in a stall recduced the downwash at the tall as the
stall was approached, just as the ground effect reduces
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the downwash at the tail when the airplane is land--
ing.

The elevator control force required to make a
landing was about 41 pounds with either tail. This
exceeds by 6 pounds the upper limit recommended in
reference 2.

Characteristic of elevator control in take-off.-
With either tail the elevator was adequate to adjust
the attitude angle as desired during take-off.

Trim changes due to power and flaps.- The trim
change caused by lowering the flaps was in the direc-
tion tending to cause the airplane to nose up.
TLowering the landing gear caused the airplane to nose
downe A push force of 18 pounds with tall configura-
tlon number one or 9 pounds with tail configuration
number two was required to maintain trim if the flaps
and landing gear were lowered with the power off at
120 miles per hour. This trim change is in the op-
posite direction to that usually considered desirabdble.
Application of power with flaps and landing gear up
produced a slight nosing-up tendency., With flaps and
landing gear down, this tendency wns increased so that
a push force of 18 pounds with ts’l configuration num=-
ber one, but only 10 pounds with tall number two, was
required to maintain trim at 120 milese per hour. The
stick~force change at this speed in goling from the
flaps-up power-off condition to the flaps-down full-
power condition was about 38 pounds with configuration
number one, which exceeds the upper limit of 35 pPounds
recommended in reference 2, but was only 20 pounds with
configuration number two. :

Characteristics of longlitudinal trirming device.-
The trimming-tab setting required in the various {light
conditions to trim at zero stick force with tail con-
figuration number two is plotted in figures 10 through
13, With either taill configuration the trirming tabs
were sufficliently powerful to reduce the stick force to
zero at any polnt in the speed range in the pover-on
conditions of flight. In the power-off conditions,
the airplane could be trimmed at all speeds in the
range more than 10 miles per hour above the stall with

the number one tail. Due to the decreased travel of

the tab on the number two elevator, the minimum speed
for trim was about 20 miles per hour above the stall



in the landing and gliding conditions. Unless changed
manually, the trimming tabs in both the elevators re-
tained a given setting indefinitely.

LATERAL STABILITY AWD COHTROL

Characteristics of uncontrolled lateral and direc-
tional motion.- The control-free lateral oscillation with
tail configuration number two damped to one-half ampli-
tude in about one-kalf cycle, as shown in [igure 23,
satisfring the requirement of reference <. The rate of
damping decreased very slightly with speed. ylith tail
configuration number one, the number of cycles required
to damp to one-half amplitude increased from one-half to
one and one-half with alirspeed. The period of the
oscillation was half agaln as long with the second tail
configuration as with the first. The relation of yaw
angle to rudder angle showed that rudder number two
floated with the relative wind and that rudder number one
floated against the relative wind, as would be cxpected
with a horn balance. This explains why the period of
lateral oscillation was lorger and the damping nore
rapld with tail configuration number two.

Rudder control characteristics.=- The rudder control
characteristics were measured in steady flight, in side-
slips, and in abrupt rudder kicks. In the rudder-kick
maneuvers, records were taken of rudder position, rudder
force, rolling velocity, sideslip angle, and normal ac-
celeration resulting from abrupt deflections of the
rudder in steady flight while the other controls were
held fixed. The results of the sideslips are shown in
figures 24 through 31. The results of the rudder kicks
are shown in figures 32 through 34,

The results may be surmarized as follows:

1. BRoth rudder number one and rudder number two were
powerful enough to overcome the adverse alleron yawing
moment in all conditions tested,

2. Either rudder was sufficiently powerful to main-
tain directional control during take-off and landing.

&. Figure 35 shows that rudder number two was suf-
ficiently powerful to trim the airplane at all airspeeds




a¢]
€]
i}

above the miInimum for esch condlition tested. Rudder
number one also satisfied this requirement.

4, The effectiveress of the rudder in recovery from
spins was not investigeted.

5. The rudder control force wags proportional to
rudder deflection with either teil configuration. Right=-
rudder force was required to hold right-rudder deflec-
tions and left-rudder force, to hold left-rudder deflec-
tions, )

6. Rudder numher two was about 2% percent lighter
than rudder nurber one in sideslips. With either rudder,
the force required to overcome the yawing moment due to
full aileron deflection was about 100 pounds. The trim
changes caused by decreasing airspeed were not excessive,
Complete data were not obhtained, but the largest recorded
trirming force was 75 pounds for rudder number two in
the wave-off condition at £6 miles per hour. In all
cases, with either rudder, the forces required were below
the 180 pound limit recommended in reference 2.

Yawing moment due to sideslip.- Characteristics of
the yawing movrnt due to sideslip were found to be ag
follows'

1.  Tiitth rudder locked, at 110 percent of the mini-
mum speed the maximum change in sideslip angle developed
as a result of full alleron deflection was about 20
which is the waxvmum allowable under the requirement of
reference 2, :

2. With elther r:ider, the yawing moment due to
sideslip was such that the rudder movement required was
in the correct direction from the trim position; that
is, right rudder procduced left sideslip and left rudder
produced right sideslip. For angles of sldeslip between
157, the antle of sideslip was substantially proportionsl
to rudder def ectlon for either rudder. - :

3. The vawing rioment due to sideslip. (rudder free)

with either taill configuration was such that the alirplane -
always tended to return to the trim condition regardless
of the angle of sideslip to which it was forced. :

Pitching moment due’ to 81aesllp.- With both the
number one and tne number two tails, the curves of ele-
vator angle against angle of sideslin show that the
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pitch%ng monment due to sideslip was small, A maxlimum
of l% of up-elevator deflection was required to main-

tain longitudinal trim for steady sideslipproduced by
5° of rudder deflection. It should be noted in inter-
preting the curves of angle of sideslip for a given
airspeed that there may be some error in the indicated
airspeed due to the angle of yaw of the pitot static
head which was only permitted to swivel vertically.

Power of rudder trimming device.~ There was no
trimming tab on the number one rudder. The trimming
tab on the number two rudder was sufficiently powerful
to reduce the rudder forces to zero in all conditions
of level flight,. Unless changed manually, the trim-
ming tab would retain a given setting indefinitely.

CONCLUSIONS

The comparison of the handling qualities of the
Brewster XSBA-1 airplane with tail configurations
number one and number two may be summarized as followss

1. The X3SBA-~1 airplane with tail configuration
number two had stick-fixed static longitudinal stability
in all conditions at low speeds and approached neutral
stability at higher spceds except in the landing and
approach conditions of flight. Tail configuration
number one produced stick-fixed stability in all con-
ditions throughout the speed range., The stability was
not large at nigher speeds.

2. The airplane with the second tail configura-
tion had stick-free static longitudinal stability in
the gliding and landing conditions. The stability was
neutral in the cruising, climbing, and apprcach condi-
tions and slightly negative in the wave-off condition.
With the first tail configuration, stick-free static
longitudinal stabillity existed in all conditions and, in
the approach and wave-off conditions, the curves of
elevator control force apainst indicated airspeed had a
steep negative slope.

2. Tail configuration number two reduced the
average elevator control-force gradient from 30 to
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27 pounds per g. This value sti1ll far exceeds the
meximum gradient of 1& pounds per g that is con-
sidered reasonable for scout bombers.

4, The stick travel required to stall in maneuvers
was desirably large. It was about 4,6 inches with tall
configuration nurmber one and approximately the same with
tall configuration number two.

5., With the first tail configuration, trin changes
caused by application of power or lowering the flaps
were large and caused a nosing-up tendency. With tail
configuration number two, these trim changes wsre re-
duced about 50 percent. The gtick-force change at
120 miles per nour in going from the flaps-up power-off
condition to the flaps-down full-power condition was
38 pounds with the tail configuration number one but was
reduced to 20 pounds with tail configuration number two,
which was well below the recommended maxirmum of 35 pounds.

6. Vith either tail the directional stability was
sufficiently large to limit the yaw caused by full de-
flection of the ailerons with the ruddér fixed to 20° at
low flying speeds. The pitching moment due to sideslip
was desirably small in all flight conditions.

7. The rudder control with either rudder was suf-
ficiently effective to maintain stralght flight at mini-
mum spesd in all flight conditions. Either rudder was
poweriul enough to overcome aileron yaw in all conditions.
The rudder forces were approximately the same with either
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rudder and did not exceed the limit recommended by refer-
ence 2. However, rudder number two was about 25 percent
lighter than rudder number one in sideslips.

Langley Memorial Aeronautical Laboratory,
National Advisory Cormittee for Aeronautics,
TLangley Field, Va., December 2, 1943.




L-5¢98

13
REFERENCES

1. Phillips, W. H., and Nissen, J. M.: Plight Tests of
Various Tail Modifications on the Brewster XSBi-1
Alrplane. I - Measurements of Flying Qualities
with Original Tail Surfaces. NACA ARR WTo. 3707,
1943,

2. Gillruth, R. R.: Requirements for Satisfactory Flying
Qualities of Airplanes. NACA A.C.R., April 1941,



wi

865-1

'VA "Q7314 A3TONVI - AHOLVHOSVI TVOILNVNOH3V IVIHOW3IWN A3ITONVI

SOILNVNOYIV H¥O4 3I3ILLINWOD ANOSIAGY TVUNOILVN

*ousTdate [-ygSX J91SMaag JO MSTA

uoay

-1 uusmH&




869-1

VA 707313 A3TONVI - AMOLVHOBVI VOILNVYNON3V TVIHOWIN A3TONVI
SOILNVNOY3V ¥O04 IILLINWOD AHOSIAGY TYNOILYN

*aueTdaTe T-ygSY J998Maag JO MaTA 1U0JJ J197a8nb-33ay] -°g 2and1y




VA Q7314 A3TONVI — AYOLVHOBYI IVOILNVYNOH3IV TVIHON3IN M3IONV
SOILNVNOY3V ¥O0J 33LLINWOD AYOSIAQY TTVNOILYN

*9U0 Jsqunu uoTqeand1T]
-Uod TTe1 TeOT1I8A BuTmoys oueTdare [-ygsy J1918Madg JO MOTA opTS -°¢ 8andty

* womlg L4 & . <



‘YA ‘QIEId AZTIONVT - LUO0IVNOAV] TVIILIAVAONIV TVISONER L3TONV ]
S2ILAYNONEY WOd INIIINAOD L¥OSIAQV TVNOILVY
*suo Joqunu uotrqeandTt]

.

-uod TTe1 8urmoys aueldare [-ydSX I918malrg Jo SUTMBID MaTA-88aYy] -'% 9IndTy

865-1



L-598"

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Trailing edge
<[<> anglé 15°
Section A-A

Jrailing edge angle 23°
S (O ——

Section B-8
¢ Fuselages
\J
B +—
. _———""——_—-_X__-————__-—
\\
} \\
\
i \
| \\
== \
| \
\
A
- -1 —_ E - 4\
¢ Hinge—_/ Vo
| J—
' |
|
A <«
;7<:fﬂ é? «
Pfguro 5.- Horizontal tail configuration number one

Brewster XSBA-l airplane.



L-598

Trailing edge

Section A-A
: . Trailing edge
S Cl——
Section B-8
4 /
' |
A A
t _ _ )
—i
I
[
T il 1
YW | _\1
L’) E \
N .

e —TTr——

\

¢ Hinge.

Pi;\m 6.~ Vertical tail configuration numbsr one.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Brewster XSBA-l airplane.



1L-598

Section A-A

Trailing edge ongle /4°

Section B-B

Irailing edge angle 2/°
fFuselage
B -

Cente ré_a n __\
A
|
|
Magss bﬂlance/-ﬁf

!
-r—-nr—Trr———"

= = -
Hinge Lme”—/

Es-q—
7[5ll

Plgure 7.- Horisontal tall configuration number two

Brewster XSBA-1l airplane

NATIONAL ADVISORY
COMMITTEE FOR AERONAULTICS



L-598

¢

Section AA Trailing edge angle 9°

N

Section B-B. Trdiling edge angle 6z°
/
A / A
t/ _ }
|
n B B
{ _ ! } f

Mass balanc %

Hinge Lline

/

NATIONAL ADVISORY ,
COMMITTEE FOR AERONAUTICS

Figure 8.- Vertical tail configuration number two. Brewster XSBA-1 alrplane.
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